Pt I2BIFT B ALY « B R —ILENE
12 B85 A HF5E

2024 F

R e



Bl 5
&)

+ E@ p'e %? %‘ No.1

R s 5| K 4 s

T i 4
Pt IZBITDHAE Y « #BESR— VR RICEES T D5

(NEDOER)

Ay hr=7 AOMETIIA E U AEB RO Th H A IRICET 5 & -k
DfFANEELRFEOOEDTHY , WEFOAE VBB ZERE T A8
MARBE THLRER—NABEL AV R—LENERZED TE -, S HITEE
TILE T DG A EE) & ORI T o D BB ARG T b 5 HE A — L2 IR OBLRI A
SR THH SN EE2mE LT, BuBiiE FYEOBERRPMTOIIED T\ D, RiF5E
TIHEKRRACVIEMAEERZAET 52 LMD AE Y e =7 258 CHZERSRO F
DETRoTER Pt Z VT ERLOAE U - BB ARSI A 1 = X L OfiEH
B L CHIie A a 5252 L2 HKME LTV,

ARSI ETHEICL VMR EIND, FHIETIIFmE LT, A ha=J AFED
TRfE & AMFFED BRNZHOW T T %, H2BETIXEFOAT LA AEHE, Pul
AEBEC N O AESEARBIG TH DA R — VR, #uE R — VR AR
e CORTEEHG & 72 285w, BLRIZHOW T T 5, & 3 E Tk, AWFEICEHIT 5 Ehk -
FEMT TR DWW TR 5, &5 4 32Tl Co/Pt @ iFMEE & Co/TiN/Pt —J@ A& &I 5
T D EIEE NV OlEE) D Co/Pt SR IIT 2 EaAE MV OFEBIF(EL,
TiN AT 25 Z LIV REFGNR T T2 EBH LN Rolc, ZOZ LB
e/ e — R A I T DEIBIE MLy D EBMERD A v R — VB & R
M9 DB AE A G OB L EE L 725 Z L &24R Lz, #5 = Clxmbic X v izt
L7z Pt D A & 2 i — L0 B % BB (A TiIN/Pt = @ & (2 381 2 Bt by
ORI L7z, SERE THOLNE SN TV MG ER TO A B U R— 2RO %
HHZRBIENC L 0 A& R — VRN BE R — Vh IR L RO R r— U v 7 Al % ks i
WMTHALTEBY RS EmOREFICE D REBLL TWDHA[EEHRZH OGN LT, F 6
B CIE Pt IR 2 E-A AL %2 Fe/Pt 72 5 ONZ Ni/Pt 8 IFA% & T OB
f R L7 B EHET L 72, Ni/Pt #5175 Tl Fe/Pt A& TIXFREL LAV Pt BEER KICfEH &
skl bV 7 RO ROIR DTN S 4, Pt FH4AE L TV HHLER—/LEIR D
FWHETHHZLEZRL TN, FITETITHEAENLE 6 HEETOMNRICLVELNTE
AR 2 RHE L GR35,




% 6

(3) Keio University
Thesis Abstract
No.
Registration ‘KOU” o “0TSU” ] ) )
Name Hiroyuki Moriya
Number No. *Office use only
Thesis Title

A Study on Spin and Orbital Hall Effect in Pt

Thesis Summary

In spintronics research, one of the most important issues is the elucidation of quantum physical
properties related to spin current, which is the flow of spin angular momentum. Anomalous Hall effect
and spin Hall effect, which are spin current generation phenomena originating from spin-orbit interaction
in materials, have attracted much attention. In recent years, the orbital Hall effect, which is an orbital
angular momentum flow generation phenomenon, has been observed in light metals, and this
phenomenon is starting to be actively explored. In this study, we aim to provide new insights into the
above-mentioned spin and orbital flow generation phenomena and transport mechanisms using Pt,
which has been the main research target in the field of spintronics due to its huge spin-orbit interaction.

This thesis consists of seven chapters. In Chapter 1, as an introduction, the history of the development
of spintronics and the purpose of this study are explained. Chapter 2 provides the basic information
about spin/orbital angular momentum of electrons and spin/orbital Hall effect. Chapter 3 describes the
experimental and analytical method utilized in this study. Chapter 4 shows that the Co/Pt interface
generates sizable spin-orbit torque and this contribution can be suppressed by inserting a TiN layer. This
suggests that the evaluation of the interface contribution is also important when considering the spin Hall
effect in paramagnetic materials based on the current-induced torque in ferromagnetic/paramagnetic
bilayers. Chapter 5 discusses the spin Hall effect in the insulating regime by oxidizing the Pt layer.
Systematic observation of the spin Hall effect revealed that the spin Hall effect has the same scaling law
in the disordered system as the anomalous Hall effect. This suggests that both effects caused by
common origins. Chapter 6 focuses the current-spin conversion phenomenon in Pt evaluated from the
current-induced torque in Fe/Pt and Ni/Pt bilayers, and the increase in current-induced torque efficiency
with increasing Pt film thickness is observed in the Ni/Pt structure, which is not observed in the Fe/Pt
structure, indicating that this long-range torque is caused by the orbital Hall effect in Pt. Chapter 7 shows

a wider outlook on this thesis.
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